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ABSTRACT

A preliminary investigation was made of the effect of
additives on the elcctrodepositiom of cadmium and on the
electrodissolution of nickel.

The electrodeposition study was primarily limited to a
study of techniques. These techniques included constant cus-
rent pulses, cyclic woltammetrxy, microvolumetric measurement
of hydrogen evolved, and hydrogen embrittlement. It was
found that the current efficiency for the deposition of cadmium
varied with concemtration of additive in a regular patiexm.
Using different plating times, different bage metals, differ-
ent current densities, and in stirred and unstirred solutioams
the additive effects on current efficiency were similar.

\ The electrodissolution study indicated that under some
conditions an oxidizing additive acted on the metsl in a firgt
order corrosion resction. 7This reaction was accelerated by
the application of the anodic potemtial.
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Introduction

This project was undertaken to investigate the role of
so-called ¢snon-participatings’ substances on anodic dissolu-
tion and cathodic electrodeposition processes. These substances
are very important in commercial electropolishing and electro-
plating baths for such things as grain refiners and brighteners,
Such a study is of major magnitude and this report is only over
the initial phases of the study. The nrocess selected for
thie electrodeposition study was cadmium plating from a cadmium
sulfate bath. The process selected for the anodic dissolution
study was the anodic dissoilution of nickel. In order to study
the role of the additives in the dissolution studies it was
felt that it was necessary to study the mechanism of dissolu-
tion of the nickel to see whether nickel went through a
nickel (1) state or not. Then, it could be establizhed
whether the additives affected the nickel metal or nickel (1),

Manuscript released by the authors January 1963 for publica-
tion as an ASD Technicail Documentary Report.



I. The Effect of Additives on the Electrodeposition of Cadmium

Introduction

The electrodeposition studies followed up the previous
studies on the effect of additives on the codeposition of
hydrogen and nickel (1,2). In the present study an investi-
gation was made of the effect of the additive on the codeposi-
tion of cadmium and hydrogen. The study for this year was
limited to a survey of available experimental technigues and
some preliminary experiments.

Historical Section

The effects of addition agents on both the deposition
of cadmium, or any metal, and the codeposition of hydrogen
necessltates the investigation of the variable conditions
governing deposition and the existing theories explaining
these processes.

Electrodeposited cadmium has for a great number of years
found importance in its use as a protective coating against
corrosion. The protective coatings also give an attractive
appearance to the various basls metals, and have found es-
pecial use on iron and steel, and also on copper, copper-rich
alloys, aluminum, and on other metals and alloys. The speci-
fic usefulness of cadmium coatings to provide anodic protection
has been extensively investigated under outdoor and indoor
conditions, in normal, industrial, and salt spray atmospheres
by a number of investigators (3-17). It has been shown that
on iron and steel, corrosion protection afforded by cadmium
coatings {s similar to that provided by zinc coatings (whether
electrodeposited, or otherwise applied). (18,19)

A universal acceptance of the cyanide plating bath for
cadmium deposition has resulted from the fact that fine,
closely grained and bright crystalline deposits result
without the use of speclal addition agents, as is necessary
in most acid baths.

Cadmium plating baths will be broken into the following
three groups: (1) cyanide baths, (2) sulfate baths, and
(3) all other types. These are listed in order of relative
importance.

Although cadmium cyanide solution formulas were published
as early as 1845 (20), cadmium plating was not used commercially

2



prior to 1915 (2i). The early literature has been surveyed
by Mathers and Marble (22) in a rather detatled investiga-
tion of a large number of plating baths,

The work of Udy (23) produced a solution in 1919 that
aroused interest in commercial cadmium plating. His solution
was composed of a mixture of cadmium hydroxide, sodium
?ad?icyanide and sodium hydroxide but no free sodium cyanide.

21

C. H. Humphries (24) introduced the first brightening
agent, a caustic solution of wool or other proteins, into
cadmium cyanide solutions in 1922. C. M. Hoff (25) presented
a detailed discussion of the properties of cadmium plate and
cadmium plating solutions in 1926, (21)

In recent years investigations in cyanide solutions
have been directed along four principle lines which are
given below. (21)

1. The bright plating range has been evidenced
by the introduction of new brightening agents for the
cyanide baths.

2. The use of bright dips has brought about in-
c¢reased and more uniform luster of cadmium plates on
recessed articles,

3. Netailed studles of anode conditions during
dissolution have led to new anode designs and ¢onstruction.

. Improved bath formulas and better control of
plating conditions has been brought about by an understand-
ing of the functions of the bath constituents and of the
effect of foreign materials in the bath, notably metallic
impurities and oxidizing agents.

The second grouping of baths, i.e. the sulfate baths,
have been studied with great interest for several reasons:
(1) the sulfate solution is more convenient fto use from
the electroplater»s point of view (26); {(2]j the low pH
cadmium sulfate solution can provide a very thin but highly
adherent undercoating for heavy coatirgs from cyanide
cadmium baths (27)3 and (3) codeposition of hydrogen can
best be studied in sulfate solutions. Some of the examples
of the studies performed iIn sulfate solutions are given here
to represent the developments made using this plating bath,

In 1376, Wrightson (28) found that the electrolysis
of a solution of cadmium sulfate was not suitable for
quantitative analysis., The cadmium was found to deposit
easily and quickly from an acid bath, but not in a com-
pact, weighable condition,



The invest:gation of Luckow (29) in 1880 led him to
the conclusion that cadmium can be completely precipitated
from dilute neutral sulfate solutions,

It was even concluded by Smith (30) in the same year
that the best quantitative resufts for cadmium could be
attained through the use of cadmium sulfate solutions. In
his work the separation of cadmium from copper, by electroly-
sis took place in a bath which had been acidified with
nitric acid. The cadmium remaining in solution after
electrolysis was deposited after the nitric acid had been
removed by evaporation with sulfuric acid.

Wieland’s (31) investigations in 188l revealed that
cadmium could be deposited from weak sulfuric acid solutions.

Smith and Frankel (32) developed a method in 1889
for separating copper from cadmium, in that cadmium was not
deposited from a solution containing 10 ml. of sulfuric acid
at low applied currents (0,03 amp.) while copper was,

In analytical investigations in the same year Kollock
{33) studied cadmium deposition from sulfate baths and
attained compliete separation of the cadmium, but it
required gquite long deposition times and the deposits
weighed more than theoretically predicted.

The first brightening agent appears to have been used
in sulfate baths by Balcahowsky (3&? in 1900, He obtained
bright depositz from sulfate cadmium baths with the addition
of urea and formalcehyde, or urea and acetaldehyde,

A number of investigators have studied the effects of
electrode rctation on the deposition of cadmium from sulfate
baths. Medway (135) {(19CL) studied the effect of rotating
the cathode during deposition while the rotating znode
effect was studied by Exner (36) (19C3), Ashbrook (37)
(1904}, Davison {38) (1905), Flora (39) (1905), and Holmes
(4Lo) (1908). Other experimentors have investigated the
effects of rotating electrodes but the studies have more
or less followed the same lines as outlined by those
listed here.

Mercury zathodes were first used in cadmium deposition
from sulfate baths by Carhart (41) in 1904 and by Stoddard
(42) in 1909,

Stirring of the electrolyte solution was achieved
by Stoddard (42) and by Benner {(43) (1910) through the
utilization of gas eveoliution at the electrode surface
and heat produced by the current.
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Hulett and Perdue (L44) and Laird and Hulett (45) deter-
mined the atomic weight and the electrochemical equivalent
of cadmium by deposition from sulfate solutions.

Analytical investigations by Breyer (L46) in 1912 pro-
duced 2 method of analysis for small amounts of cadmium using
a sulfate bath and employing electrochemical precipitation.
Accuracy within 0.2 percent was attained.

A large number of cther investigators have -ised the
sulfate plating bath for both theoretical and practical

purposes. (L47-6l)

The use of the third and final group of baths, i.e.
all types other than cyanide or sulfate, has been rather
limited and they will only be mentioned briefly here.
Mathers and Marble (22) have made a rather complete study
of the early work done iIn cadmium plating from a number of
different baths, ‘

Desch and Vellan (48) investigated several electrolytes,
including the fluosilicate, oxalate, and chloride, for the
deposition of cadmium,

Senn (65) investigated the use of fluoboric and per-
chloric acid solutions, with and without added colloids.

Planner’s (66) studies dealt with a number of acid
baths and particularly perchloric and fluosilicic acids.

Electrolytic deposition of cadmium from its pyrophos-
phate solution has been studied by Koyanagi. (67)

As mentioned previously, in order to obtain smooth,
bright cadmium deposits from sulfate solutions it is
necessary to use brightening addition agents, Investiga-
tions have been conducted where bright cadmium was plated
without addition agents, but special techniques or multi-
component baths are usually necessary teo accomplish this.

The work of Balcahowsky (34) in 1900, adding either
urea and formaldehyde or urea and acetaldehyde, has already
been referred to as the first attempt at using brighteners
in the cadmium sulfate bath. Since that time extensive
work has been carried on In this respect and a host of
organic compounds have been used to prcduce brightening
in the sulfate solution. Some of the organic ccmpounds
which have been used are: glycine (68); cresolsulfonic
acid (69); soap (Lipofar), licorice, and saponin (70):
gelatin, glue, and aniline (71); heliotropin (72); suiio-
salicylic acid, anthranilic acid, trilon, 2-naphthol,
camphor, diphenylamine, and triethanolamine (73); conde-
sation products of ethylene oxide containing aliphatic or

5



aromatic radicais {74}y tribenzylammonium sulfate (75)3
dextrin (76}, peptone, and creosol (77)3 furfurole (78)
sulfiteceiluiose wastes (79); agar-agar, and caramelize
sugar (80}3 acetal)dehyde, aldol, crotonaldehyde, and
paraldol (81): oxidized amketaldoresin (82)3 reacticn pro-
ducts of aldehydes or ketcnes with amines (é3); hydroxy-
aliphatic amines, and ether derivatives of alkylene glycole
(84) 3 polyvinyl alcohol (85); acetic acid, propionaldehyde,
benzene, vanillin, anisalcehyde, ethylether, methylpropyl
ether, biacety! and cyclohexanone (86); tung oil, cod-liver
oil (é?)g an alkyl aromatic sulfonic acid compound of the
benzene series (%b); ethylenediamine (89); l-naphthylamine
gluconate plus nickel gluconate, and glucenic acid plus
l-naphthylamine (90); coffee extract concentrate (91);
sulfonated marine animal oils (92); sodium carboxymethyl-
cellulose (93); methyl cleate, and sulfated ethylene

glycol oleate (9L }; polyglycol esters of fatty acids, and
alkali metal zanthates (95); polyvinylpyrrolidinone (96);

a higher aliphatic amine plus cne or more of dextrose,
levulose, sucrose, and lactose (97)3; an alkali metal salt
of an alkylnaphthalenesulfonic acid (98); potassium salt

of ethylenediaminetetraacetic acid (99); and formyl-sub-
stituted pheny! ethers of polyhydroxy alcohols (1CQ). This
list of additives is by no means complete, but it does
serve to illustrate the various types of organic compounds
that have been used effectively,

H
d

Althcugh the above list indicates something of the
number and variety of additives that have been used, nothing
has been said concerning the theories of addition agents,
Very little is known cencerning the actual manner in which
additives act, but at least four theories have been proposed
to explain the mechanism of bright electrodeposition. These
will not be considered in order of thelr appearance in the
literature,

1, Adsorption Theory. In his *’Axioms of £lectroplat-
ing,* Bancroft (10[,102; offered as his fourth axiom:
'’The crystal si»e is decreased when there are present
at the cathode surface substances which are adsorbed by the
deposited metal.’’ In order to explain their data on the
electrodeposition of copper in the presence of gelatin, Taft
and Messmore (103) assumed that the copper deposited by the
current adsorbed gelatin on the surface. Although Frolich
(1Clh) demonstrated that nickel deposited in the presence
of gelatin containing organic matter, he found Bancroft’s
idea of an adsorbed film of the addition agent at the cathode
highly hypothetical and suggested that experimental results
were unavailable to corroborate the theory. Further, he
pointed out that Holmes and Child (105), using gelatin and
an emrlsifying agent, which represented optimum conditions
for film formation, were unable to establish any concentra-
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tion of gelatin at solution interfaces, In recent work Gritsan
and Tsvetkox (106) have postulated that the additive is ad-
sorbed and deadsorbed at the electrode surface producing
cathodic potential emcillations,

2, Reducing Agent Theory. Kern (107) observed that re-
ducing agents such as polyhydroxyphenols, tannins, and arcmatic
amines refined the grain deposits of copper, lead, and silver.
Oxidation anions such as nitrate and perchlorate did not,
however, yield such favorable results, He was thus led to
suggest that ’’the function of an addition agent in an elec=-
trolyte is to maintain a reducing menstrum around the cathode .y
which, in turn, causes the deposit to form denser and smoother.

Hendricks {108) has maintained that this reducing
agent theory is untenable. He based his decision on the ob-
servation that fine grained metal deposits can be obtained
from acid copper baths containing nitrates and from chromic
acld baths used for chremium ~1atinag.

3, Complex Ion Theory. Thi< * .ry was first proposeo
by Mathers (109) in 1516, and elaborated by him (110) in 19397
He suggested that effective additfnn agents form .omplex ions
with the depositing metal. He was led to this concept by
investigations on refining silver deposits to give smooth
and adherent deposits from baths containing silver nitrate,
nitric acid, and tartaric acid. It was found by Fuseya et.
al. (111,112) that silver and copper formed positively charged
complex ions with metaphosphoric acid, tartaric acid, and
glycoccoll, They also observed that these substances entered
into the cathode deposits, increased the weight of the depo-
sits, and caused the grain size to be smaller. Sugars and
higher alcohols, which did not form significant complexes
with silver and copper, had littie or no effect on the cathode
deposit,

Matula and Mateumura (113) concluded frcm some of their
work that protein had the property of forming complex catlions
with metal ions, and Isgarischew (11l) found evidence which
indicated the existence of complex cations when gelatin was
added to copper or zinc baths. The latter worker attributed
the favorable effect of gelatins as an addition agent to its
complex-forming property. According to his view, the velocity
of separaticn of free metallic ions from the complex ions was
not great and the growth of coarse crystals was retarded.
This view of Isgarischew differs from that of Fuseya et. al.
(111,112), who held that the codeposition of the complex —
cations with metallic ions would be the principal cause of
hindrance to crystal growth,

L. Cathode Interference Theory. In papers on the struc-
ture of electrodeposited metals, Hunt (115} concluded that:
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The crystalline structure of an electrodeposited
metal will be governed by the relation of the metal
fon concentration of the other constituents of that
film, If the proportion of metal ions to inert par-
ticles is comparatively high, there will be little
interference with crystal growth, and coarsely cry-
stalline deposits will result, If, however, the
proportion is low, due to low degree of dissociation,
complex ion formation, high hydration of the metal
ions, or the presence of colloid matter that has
migrated cataphoretically into the film, , . .
there will be considerable interference with
crystal growth, with the consequent formation
of many nucleli.

Hendricks (108) gave an interpretation of the mechanism
of bright electroplating which extended the cathode inter-
ference theory to include some of the tenents of the adsorp-
tion theory. He suggested that the brightening process
might be compared with the Liesegang phenomena which is
often explained as a periodic supersaturation and precipi-
tation. For bright deposition, an alternating adsosption
of the additive ana deposition of the metal could explain
the production, of a striated deposit.

Perhaps of more significance, Hendricks emphasized
the inhibitor-like properties of brighteners or the reduc-
tion products of the brighteners. He outlined the follow-
ing mechanism by which a brightener might work.

l. A cadmium crystal at an active center attains
a higher potential than the surrounding crystals,

2. The higher potential causes electrolytic re-
duction of adjacent brightener to form an inhibitor which
is adsorbed to form an insulating layer which temporarily
halts crystal growth.

3. The adjacent crystals, uninhibited, continue
growth until the potential increases to the reduction
potential of the brightener and likewise become filmed
with the inhibitor.

lte When the entire surface has been filmed in this
manner, the cathode reaction shifts to cadmium deposition,
after which the adsorption cycle is repeated.

Support for the mechanism proposed by Hendricks can be
found in the literature. Frolich (104), and Hotersall and
Gardom (116) found that carbon was present in nickel deposits
obtained in the presence of organit compounds, and Zentner
et. al, (117), in an exhaustive study of the effect of plat-
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ing variables on the structure and properties of electrode-
posited nickel, found that sulfur was present in nickel
deposits obtained when organic brighteners containing sulfur
were present. Sutyagina (118) was able to show that sulfur
was occluded in the deposit by using as the additive thiourea
which contained radiocactive sulfur,

Other investigations that support Hendrick’s theor
have been conducted by several investigators. (119-122

Many techniques have been used In attempts to understand
electrode properties and electrode processes., Notable among
these are (1) capacltance methods, (2) chronopotentiometry,
(3) radioactive tracer methods, and (L) polarization studies.

Experimental Section
The techniques investigated were:

1. Constant current pulses, automatically plating
and dissolving cadmium, while the potential of the electrode
was followed automatically with a recording potentiometer,

2. Cyclic voltammetry, sweeping the voltage back
and forth, linearly increasing and decreasing it, passing
through both regions of plating and dissolving of the cadmium,
Current voltage curves were recorded for these processes.

3. A microvolumetric technique, used to measure the
volume of hydrogen evolved during the plating process.

L. The embrittlement of iron wires, measuring the

relative amount of hydrogen codeposited with cadmium on iron
electrodes,

1, Constant Current Pulse Technique.

A schematic diagram of the apparatus is shown in Figure 1.
This shows a diagram of the constant current source that was
designed and built for use to furnish the low constant current
pulses needed. The square pulse function generator was con-
structea from a plece of surplus equipment formerly used for
programming the taking of pictures during a bomb rum. The
series of timed impulses were used to activate a stepping
relay. The relay (the switch shown in the diagram) reversed
the polarity of the pulses applied to the cell, The cell
consisted of a micrc electrode (primarily platinum and in a
few cases iron), a large non polari zable 99,9% cadmium stick

9
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electrode and a Beckman saturated Calomel reference electrode.
The potential between the calomel reference electrode and the
micro electrode was followed as a function of time using a
Varian G-11 recorder. Figure 2 is a typical curve. The

ratio of the length of the line for anodic dissolution of

the cadmium to the length of the line for plating is the
current efficiency for the plating of the cadmium,

2. Cyclic Voltammetry.

Figure 3 shows a block diagram for the apparatus used in
these experiments. The Model 202A Function generator was used
to apply a linearly varying voltage function across a micro
platinum electrode and a large non polarizable cadmium stick
electrode. The current voltage curves were plotted with an
Offner Dynograph recorder.

3. Microvolumetric Technique.

Figure lt shows the cell for the measurement of the volume
of hydrogen evolved during the deposition of cadmium on’ cad-
mium. This apparatus is the same as that described by Franklin
and Goodwyn (2).,

ly. Embrittlement Studies.

The iron electrodes used in the embrittlement measurements
were prepared from the B & A reagent grade iron wire used for
standardization. The embrittlement was measured with the
commonly used bend test., The reproducibility was quite good
with the same operator, Each electrode could be used for
about three embrittlement tests and the results used had an
average deviation within plus or minus one-third of a bend.

The solutions were prepared with different concentrations
of cadmium sulfate. The pH usually was buffered at };.85 with
boric acid. The additives used were the sodium salts of pro-
pane and propene sulfonic acid., Varliations were made in time
of plating, rotation of the electrode, current density pH, con-
centration of cadmium, metal substrate and cencentration of
additives,

Results and Discussion of Results

1. Constant Current Pulse Technique.

Figures 5, 6, 7, 8, 9, 10, and 11 show typical curves
11
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showing the variation of current efficiency for the deposi-
tion of cadmium on platinum with different variables. From
Figures 5, 6, and 7 it can be seen that stirring the solutien
merely shifts the curves but it does not alter the general
shape of the curves, This is true whether an additive is
present or not. This indicates that these are not diffusion
limited processes.

Figures 8 and 9 are for the deposition of cadmium on
platinum and Figures 10 and 11 are for the deposition of cad-
mium on iron. It Is seen that in spite of variations in
the metal substrate, current density, additive, stirring of
the solution and time of plating the general shape of the
curves are quite similar to each other. They are in fact
somewhat similar to the results cf Franklin and Goodwyn (2)
for the deposition of nickel on nickel., The cadmium results
are somewhat more complex since the current efficiency for
the deposition of cadmium on platinum {s significantly lower
than for deposition of cadmium on cadmium. Because of this
it is noted that thecurrent efficiency for the deposition
of cadmium improved with longer plating times and higher
current. These conditions produce a higher percentage of
cadmium plated on cadmium,

2. Cyclic Voltammetry.

Figure 12 shows a typical current voltage curve for a
cycle Involving the electrodeposition and electrodissolution
of cadmium on a platinum microelectrode in a solution con-
taining the sodium salt of 2-propane sulfonic acid as an
additive., On the oxidation side one first anodically dis=-
solves the cadmium, then forms oxides on the platinum. On
the reduction side the oxides are first reduced then the
cadmium and hydrogen are deposited. The shaded area seems
to be rresent only when an organic additive is present and
is proitanly due to the oxidation of the additive on the
platinun. Figure 13 shows a plot of this shaded area against
the concentration. The current efficiency for the deposition
of cadmium is plotted on the same page for comparison., It
is seen that the curves are quite similar although they are
displaced,

3, Microvolumetric Method,

The apparatus for this type study has been prepared;
however, only preliminary runs have been completed. This
method will be used to ‘tetermine the current efficiency for
the deposition of cadmium on cadmium,

L. The Embrittlement Technique.
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The electrolytic generation of hydrogen on iron wire
electrodes, separately, or along with a metal in a deposition
process, decreases the resistance of the iron wire to break-
ing. It was observed (Table I) that the hydrogen absorbed by
iren wire can be removed, but it was observed that although
this decreased the embrittlement it did not return the iron to
its original strength probably because it did not heal the
damage done by the hydrogen.

TABLE 1

The Effect of Electrolytic Oxidation on the Embrittlement of
the Iron Wire

Number of Bends

Sample to Break
Original iron wire 11,6
Iron wire plated with cadmium 9.6

Iron wire on which hydrogen has been
electrolytically generated 7.3

Iron wire on which hydrogen has been
electrolytically generated and then
electrolytically oxidized 9.7

Conclusions

From the study todate it would seem that the organic
additives affect the current efficiency for cadmium plating
and the amount of codeposited hydrogen in a regular pattern,
This 1s the same pattern as was previously observed for the
codeposition of nickel and hydrogen, 1t would seem that
this is a general type of curve that occurs with different
electrodepositions, on different types of base metals, at
different current densities, in stirred and unstirred solu-
tions, and with different additives. The positions of the
maxima and minima shift as conditions are changed but the
general shape of the curve stays about the same.

It would seem that to understand the role of the additive
it would be necessary to determine the cause of the curves
obtained. It will be necessary to study the effect of the
additive on both the hydrogen and cadmium deposition processes.
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I1. The Anodic Dissolution of Nickel

Historical Introduction

Nickel, as it Is commonly encountered in compounds, is
in the bivalent state although there are a number.of instances
where it is present in the monovalent state (123,124), and
where it has been postulated as an intermediate in the elec-
trodeposition and electrodissolution of nickel in various
media (125-127).

This survey is the continuation of the brief survey given
in references 126 and 127 and in which a study of the mechanism
of anodic dissolution of nickel was made to see if nickel (I)
is formed during the anodic dissolution process. Franklin and
Goodwyn proposed the formation of nickel (I) in the anodic
dissolution of a nickel anode in aqueous solutions and acetoni-
trile. This study was continued by Franklin and Parsons in
acetonitrile and dimethylformamide (127). In both instances
experimental results indicated that nickel dissolved with an
oxidation number of less than two.

Results of a study of the valence of the ions produced
during the electrolytic polishing of a large number of metals
in the presence of Cl0; ions indicated that ions of lower than
normal valence were produced (128)., These ions were unsiable
and reacted with the Cl03 to produce stable ions and Cl ions.
In these experiments the valence of nickel was found to be
bivalent. Froment has published an article discussing the
relationship between Faraday?’s law and electrolytic polish-
ing (129). The discussion 1s preceded by a review concerning
the difficulty of applying Faraday’s law to anodic dissolution
of metals. Froment found, that in the case of aluminum anodes,
the study of which composed the main portion of the article,
the process is influenced by concentration and composition of
the bath, voltage, the electric field created by the anions
at the metal-solution interface, and especially by the content
of water in the bath (130). :

The anodic attack on the metal may occur either directly
by the admission of an ion from the metal or by a secondary
chemical reaction (131), Christopher and King measured the
solution rates of nickel cylinders rotated in acidified solu-
tions of FeCls and Ce(SO4), (132). The results were found to
be transport-controlled, and first order constants were obtained
for the process but only if a uniform degree of roughness was
maintained during the experiment.
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Dezider“ev studied the problems of anodic dissolution
for high anodic current densities, at which densities it was
found that chemical changes in th wdc nty of the electrode
cons<iderably affest the anode proces. (133}, The experiment
consisted of measuring potentials in the solution immediately
after the polarizing curvent was turned off. For anodic
current densities up to i amp/dm®, the potential measured
reached values of 1,760 to 1,770 V, This Indicated a rela-
tive constancy of the nickel concentration in the region sur-
rounding the cathode., The values listed above were obtained
In solutions of Ni130; * TH.Q. I%* was found that addition of
NiCl, ° 6 H,O reduced the measured potential.

Most of the work reported under the title of the mech-
anism of anodic dissolution deals with passivation effects.
Trumpher and coworuxers have studied nickel anode dissolution
with r espect to the effects of H,SO4 concentration, purity
and pretreatment of the anodes and Cl™ concentration on the
passivation of nickel elecirodes (13)-136). Fomosov and
Gurevich studied the effect of the Cl™ concentration on the
passivation of a nickel anode {(137)., They observed three
effects corresponding to three regions of Cl= concentration:

0,005 - 0,01 N C17 passivity occurred at higher current
densities than in electrolytes without
the Cl1l=,

0,02 - Q.1 N C17 periodic oxcillations occurred.

0.5 = N Cl” no passivation was observed up to current
densities of lj.2 amp/dm2,

Chih=Ping Chang, HKravstsov and Durdin studied anodic polari-
zation curves of nickel in H,SO, (138). The experimental
results were interpreted on the assumption that the anodic
solution of nickel was accompanied by a change in the true
surface and the actiwvity of the electrode. Equations have
been derived for the changes in the metal potentials when
switching on and off the current for large and small polari-
zations (1139},

Faiicheva and Tsyfanova studied the rate of anodic dis-
solution of nickel in HNO; and found that the conditions for
a maximum dissolution rate to be 4O degrees, 8.17N HNO5 and
an applied current density of 750 ma/cm? 14O, They obtained
a two branched polarization curve and listed as the processes
occurring for the respective branches to be nickel (o) to
nickel (II} for the first and oxygen evaluation and nickel
(IlI) formation for the second.

Piontel.i and Serravalle investigated the anodic behavior

of nickel in aqueous solutions of Ci™, F~, Cl0O3 and sulfamate
at different vajues of pH. temperature and current density (1l4l1).
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Shults and Tsyganov observed five regions on the polari-
zation curves for nickel electrodes (142), The processes
observed were {(a) anodic solution of nickel with preserved
surface activity, (b} gradual formation of a film, (c) formation
of a phase oxide causing passivation, (d) dissolving the nickel
threough the film of passivating oxides and (e) evaluation of
oxygen., At sufficient concentration of Cl1® the last process
1s absent while the others are still present The experimental
results indicate that the precence of Cl—'#ens does not retard
the formation of the passivating oxide film or. the nickel sur-
face, but the depassivating effect of the chlorides is connected
with their ability to facilitate the anodic solution of nickel
thrcugh the passivating oxides.

Landsberg and Hollnagel postulated the anodic oxidation
of the electrode surface for the passivation effects of a
nickel anode in H, S04 (1l3-145). A~cording to these articles,
only part of the electrode surface is anodically active, the
remainder being covered by an oxygen contalning compound. In
very cencentrated H,; S0, (05% H,SC,) the increasing passivity
with increasing concentration is ascribed to the increase in
viscosity which prohibits the diffusion process.

The effects of these conditicons on various alloys of
nickel have been studied (146,147).

Experimental Section

Figure 1l shows the apparatus used for the anodic dis-
solution studies. The rate of dissolution was followed with
an Ainsworth recording balance. .t the same time the poten-
tial was measured with respect to the saturated calomel elec-
trod~ using a potentiometer circuit, The constant current
was supplied by a 300 volt censtant veliage power supply and
a la. ye resistor. The anode was made of !l gauge nickel wire,
The cathcde was » large platinum gauze electrode. The solu-
tion was dilute sulfuric acid, normal in nickel sulfate. The
additive studied most was potassium dischromate-.

Results and Niscussion 2f Results

As Indicated in the iHistorical Introduction to this
section <onme previous experiments have indicated that nickel
dissolved anodically to form nickel (1). If this is true,
then in anodic polishing baths the oxidizing agents very
probably influence the reaction by reacting with the inter-
mediate low valence state. In any study of the action of
additives it seems profitable to seec if the action is on the
intermediate. Manv previous studies on the anocdic dissolution
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of magnesium and aluminum show that in the pre<ence of oxidiz-
ing agents they apparer’' ly dissolve with a vaience lower than
the generally accepted yalence, This has beer ittributed to:

(1) Corrosion of the metal by the oxidizing agent.,
1In such cases the blank corresion (without anodic current) did
not vary much in the presence of the additive therefore it
has been postulated that there is a so-called ’’difference?’
effect in which there Is increased corrosion in the presence
of the anodic current. Therefore the blank that is subtracted
is lower than the blank should be.

(2) The Chunk effect. In some cases it was felt
that the metal anode underwent intergranular corrosicn be-
cause of the action cf the oxidizing agent and chunks of ,
unreacted metal fell off into solution. ‘

(3) Low intermediate valences. If low intermediate
vaiences are forming and reacting with the oxidir'ng agents
then a study of the kinetics of the dissolution process might
ccencelvably establish the mechanism of the dissolution process.

If we assume the mechanism to be:

Ni -le YN1+ -le Nitt

1 2 (1)
++
oxlid. Ni
3
The experiments were carried out at constant current
therefore rate 1 + rate 7 = constant = k.

The experiprental cuantities measured were the rate of

disseclving of nickel -Zti’ and the potautial of the dissolva-

ing electrode, They were measured as a function of the
millileters of oxidizing agent added.

Rate 1 is of course the measured quantity, :%Ei. Frem

this it is seen thit rate 2 = constant - rate 1 = k + 251.(2)

Rate 3 can be assumed to be a second order reacticn (first
order with respect to each of the reactants). Rate 3 =
s (concentration Ni”) (concentration oxid. agent).
Rate 3 = ky (Ni*) (Oxid.) (3)
Since nickel (1) is a very short lived species
=dNi . aNitt + 4 Ni-kg (004
i e Rate 2 + Rate 3 = Kk —_ (N17) (oxid.) (L)
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Rearranging

- dNi = Ks ing+ k
_3%¥i k-ky(Ni*)(oxlds) or =2 22 (Ni*) (oxid.) - 5 (5)

With no additive
(dkdx =-k (6)

Subtracting this from the previous equation

dNi _ (dNi + .
e (Ef‘) 21 (Nit)(oxid.) (7)

If one takes the log of both sides of the equation one obtains

log (S - (), = 1og

T

The firs' and last terms of this equation were measured
experimentally. The (Nit) term can be evaluated from the
Nernst equation,

= - RT (ni+y.
E=£° - Bl (ni%)e At 30 c .
= E° - 0,06 log (Ni*) or log (Ni*) = - EUEG%" (9)

Substituting this for log (Ni*) and rearranging cne obtains

log dNi) _ (le)o

- = E - E°

log oxid. = log E; e (10)

If this apprcach is correct a plot of the left hand side

of the equation against F should give a straight line. Experi=-
mer*ally it has been difficult to obtain a long series of
runs of the same electrode to check this equation. Figure §
shc.+s a sample of the data obtained for th¢ anodic dissolut.un
of nickel usling bromate as an additlive. /s can be seen the
data followed the predicted straight line for three points
then for some reascn the blank on the electrode increased
sharply and upon plotting the curve a different strafght
line was obtained. The slopes of the two lines were approxi-
mately the same. However, they do not fit the theoretical
slope.

The difference In slope is possibly due to the fact that
the nickel dissclution {s activation limited.

The data shows that the observed low valences cannot be
due merely to increased corrosion caused by cleaning off of
oxide films because the corrosion blanks immediately before
and after the current was passed through the electrodes were
fdentical and were sc¢ small as to be negligible i{n the calcula-
tions.
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Several series of experiments (different from previous
results in the potential of operation gave results similar
to those shown in Figure 16. It is seen that in these experi-
ments with constant current the rate of dissolution increases
linearly with the concentration of the oxidizing agent in the
solution. The most logical explanation of these results is
the following corrosion mechanism;

Ni -2 pNptt
(11)

oxid. N!++

in which the corrosion reaction is first order with respect
to the oxldizing agent concentration. 1In order for this to
be true there must be a »sdifference’* effect. In this case
the cause of the difference effect can best be {llustrated
by a potential energy diagram such as is shown in Figure 17,
The solid line indicates the potential energy diagram for
the metal electrode without any applied potential and the
dotted line indicates the potential energy curve of the metal
with an applied potential. It is really seen that the energy
of activation Is markedly lowered and therefore the rate of
oxidation of the nickel should increase correspondingly.

From these preliminary results it would seem that under
some conditions the oxidizing agent affects the anodic disso-
lution by action on an intermediate nickel (I) and under
other conditions the oxidizing agent directly attacks the
metal in a first order reaction at an enhanced rate because
of the applied potential. It remains for further experiments
to establish the conditions of operation for each mechanism,

33




L e oo SRR A e 5
.

RATE OF DISSOLUTION OF NICKEL

(IN ARBITRARY UNITS )

0.3

0.2

0 | 2 8 4 L ¢

MILLILITERS OF
0.I00N POTASSIUM BROMATE

FIGURE (6. RATE OF NICKEL DISSOLUTION WITH POTASSIUM
OROMATE ADDITIVE.

]




S R O et

ENERGY —m—p

DURING ANODIC
DISSOLUTION

WITH NO
CURRENT

FLOWING

DISTANCE ———p

FIGURE I7. ENERGY - DISTANCE RELATIONSHIPS

AT THE METAL-SOLUTION INTERFACE

35




T s S O

s s N AL A e ooy 1

REFERENCES

1.T. C. Franklin and Jack Gocdwyn, ’’The Mechanism of the
Action of Organic Brightening Agents in Electroplating
Processess?, Tech, Rept, No. 1, OOR Project No. 1747,
Contract No. DA-23-072-ORD-1056 (15960).

2 T. C. Franklin and Jack Goodwyn, J. Electrochem, Soc.,
106, 269-71 (1959).

3 E. D, Feldman, Metallwaren - Ind. u, Galvano - Tech., 26,
8-9 (1928)3 J. Inst. Metals 39, 589, !

G. Montelucci, Rev. Metal, 26, 34C (1929).
He C. Pierce, Metal Ind. (N.Y.) 27, 373-4 (1929). i
S. Wernick, Metal Ind. (London) 3k, 245-8 (1929).
A. R. Page, ibid, 35, 173-5 (1929).

L. Davies and L. Wright, ibid, 36, 4LO7-10 (1930).
W. Birett, Z. angew. Chem. 43, 274-7 (1930).

10 W. S, Patterson, Metal Ind. (Londcn) 36, 527-9, 579-82,
632 (1930).

11 B, Planner and M. Schlotter, Z. Metallkunde 22, 41-7 (1930).

N N9 00

12 N. A. lzgaruishev, Korrosion u. Metallschutz 6, 156-61 (1930).

13 W, Blum, P,W,C, Strausser and A. Brenner, Plater’s Guide 30,
12-14 (Sept., 1934).

14 %. irinas, Monthly Rev, Am, Electroplater’s Soc. 30, 603-8
1943).

15 C. M. Hoff, Trans. Am. Electrochem. Soc. 50, 301 (1926).

16 $. Wenick, J. Electroplat, Depos. Tech. Soc., London, 2,
8y (1927), L4, 100 (1929).

17 E. J. Dodds, ibid, 2, 47 (1926).
18 H. S. Rawdon, Trans. Am. Electrochem. Soc. 49, 339 (1926).
19 S. Wernick, J. Electroplat. Depos. Tech. Soc. 6, 129 (1931).

’ |




20 Russell and Woolrich, British Patent 12,526 (Sept. 19, 1849).

2) G. Soderberg and L. K, Westbrook, Trans. Electrochem. Soc,
80, 429 (1941).

22 Mathers and Marble, Trans. Am. Electrochem. Soc. 25, 297 (191k).
23 M, J. Udy, U. S. Patents 1,383,174-5-6 (June 28, 1921),

24 C. H. Humphries, U, S, Patents 1,536,858-9 (May 5, 1925).

25 C. M, Hoff, Trans. Electrochem. Soc. 50, 301 (1926).

26 S. Wernick, Trans. Electrochem. Soc. 62, 27 (1932).
27 Brown, U, S. Patent 2,222,398 (Nov. 19, 1940).

28 wrightson, 2. anal. Chem. 15, 303 (1876).

29 Luckow, ibid, 19, 16 (188n).

30 Smith, Am. Chem. J., 2, 42 (1880),

31 Wieland, Ber. 17, 1611 (188L).

32 ?méth)and Frankel, Am. Chem. J. 11, 352 (1889) ana 12, 110
1890),

33 Kollock, J. Am. Chem. 3oc., 21, 925 (1899).

3 Balcahowsky, Compt. rend. 131, 38l (1900}, i
35 Medway, Am. J. Sci. (L) 16, 56 (1904). |
36 Exner, J. Am, Chem. Soc., 25, 903 (1903},

37 /shbrook, ibid, 26, 1288 (190L).

38 DPavison, ibid, 27, 1275 (1905).

39 Flora, Am. J. Sci. (4) 20, 270 (1905); X. anorg. Chem. 47, I.

4O Holmes, J. Am. Chem. Soc. 30, 1865 (1908).

k1 Carhart, Trans. Am, Flectrcchem. Soc. 6, 120 (1904).

h2 Stoddard, J. Am. Chem. Soc. 31, 385 (1909).

43 Benner, J. Am. Chem. Soc., 32, 1231 (1910).

4l Hulett and Perdue, J. Phys. Chem., 15, 147.

45 Laird and Hulett, Trans. Am, Electrochem. Soc., 22, 385 (1912).

kL




L6
47
48
49
50
51
52
53

sh
55
56
57

58

59
60
61
62
63
6l

65
66

67

Breyer, 8th Int. Cong. Chem., 27, 26 (1912).

Holtz, Physikal, 2. 6, 483 (1905).

Desch and Vellan, Trans. Far. Soc., 21, 17 (1925).
Kohlschiitter and Good, Z. Elecktrochem., 33, 277 (1927).
Millan, Bull. Soc. Chem. Belg., 32, 143 (1923).

C. H, Humphries, Brit. Patent 304,668 (1629),

C. H, Humphries, Brit. Patent 309,071 (1930).

A. gs Young and G. Stinson, Brit. Patent 304,668 (Jan. 23,
1928).

C. H, Humphries, Brit. Patent 330,289 (Oct. 1, 1928).
C. H. Humphries, Brit., Patent 328,574 (Jan. 29, 1929).
S. Wernick, Trans. Electrochem. Soc., 62, 27 (1932).

N. A, lzgaryshev and E, Ya, Maiorova, J. Gen., Chem., (USSR)
6, 1208-29 (1936),

O. A. Khan, L. M. Kabanova, and V. V. Kuzental, Rudnyi Ailtal,
Sovet. Marod, Khoz, Vostoch - Kazakhstan. Ekon, Admin. Raiona
1958, No. 6=7, L47-50.

A, V. Pamfilov, V. S. Kuzub, and L. G. Kuzub, Ukrain, Khim,
Zhur,, 26, 174-81 (1960).

A, Z.)Pamfllov and M, Dolgaya, Zh, Fiz. Khim., 36, 1313-1}
(1962},

G. Fuseya and U. Nagano. Trans. Am. Electrochem. Soc., 51
(preprint), 15 pp. (1927).

Ve 1. Lainer, S. I. Orlova and A, M. Faigel?’shtein, Khim,
Referat. Zhur. 2, No. 2, 138 (1939).

7;92.)Loshkarcv, Doklady Akad. Nauk. S.S.S.R., 72, 729-32
0)e

Yus Yu. Matulis and A, 1. Bodnevas, Trudy Akad, Nauk Litov-
skail S.S.R. Ser, B, 1258. No. 1. 21=37,

Senn, 2. Elecktrochem., 11, 229 (1905).

Planner, ibid, 37. 33 (1931),

S. Koyanag!, Bull, Chém, Soc. Japan, 10, 355-6 (1935).
Y




T ORIV

[T

68

69
70

71

72
73

7l

75
76
77

78

79
80
81
82
83
8L

85

86
87
88

89

G. Fuseya and M., Nagano, Trans. Am. Electrochem, Soc., 51
(preprint), 15 pp. (1927).

F. Foerster and K. Klemm, 2. :lectrochem., 35, 409-26 (1929).

A. Rius and L. Guintero, Anales Soc., espan. fis. quim., 32,
1077-89 (1934},

0. K. Kudra, Mem, Insti. Chem. All Akrainian Akad. Sci., 1,
197-207 (1334).

W. Burkart, Cberflachentech., 19, 81-3 (1942).

G. A. Emel’yanenko, . Ya. Baibarova, and V. r. Galushko,
zhur. Fix. Khim., 33, 2668-73 (1959).

M. A. Loshkarev and L. V. Mark, Trudy Unepropetrovsk, Khim,-
Tekhnolo Inste 1926, NOo b’ 21-31.

1bid, 1956, No. 5, 117-28.
Pe Fa Mikhalev, Jo Phys. Chemo (U.S.F.R.) 15’ 793‘6 (19“1)'

Ve I. Lainer, S. 1. Orlova, and A, M, Faigel’shtein, Khim.
Referat. Zhur., 2, Nc. 2, 138 (1939),

Yu. Yu. Matulis and A, I. Bodnevas, Trudy Akad., Nauk Lit-
rovskai S.S.R. Ser. B, 1958, No. 1, 21-37.

Grasselli Chemical Co., Prit, Patent 315,943 (May 12, 1928},
C. H. Humphries, Brit., Patent 330,289 (Oct. 1, 1928).

J. A. Hendricks, Jr., U. S. Patent 2,085,747 (July 6, 1937).
R. O, Hull, U. 5, Patent 2,090,049 (Aug. 17, 1937).

R. 0. Hull, French Patent 812,729 (May 15, 1937).

K. g; Soderberg and H. Brown, U. S. Patent 2,107,806 (Feb. 8,
19308),

E. 1. du Pont de Nemours and Co., French Patent 824,277
(Feb. L, 1938).

Grasselli Chemical Co., Ger. Patent 670,220 (Jan. 1k, 1939).
Leroy Camel, U. S. Patent 2,143,760 (Jan. 10, 1939).
L. H. Flett, U, S. Patent 2,195,409 (April 2, 1940, .,
C. Go. Harford, U, S, Patent 2,377,288 (May 29, 1945).
39

R



90 A, E. Chester and F, F. Reisinger, U. S. Patent 2,485,565
~(Oct. 25, 1949).

91 L, Weisberg, U, S. Patent 2,497,806 (Feb. 1L, 1950).
92 R. O, Hull, U, S. Patent 2,523,432 (Sept., 26, 1950).,
93 A. W. Liger, U. S. Patent 2,615,837 (Oct., 28, 1952).

9l Le Roy B. High and W. R, Hague, U, S. Patent 2,803,593
(Aug ’ 20, 1957) '

95 J. Fischer, Ger. Patent 924,489 (March 3, 1955).

96 Artur Kutzelnigg, Ger. Patent 933,843 (Oct. 6, 1955).

97 Y. Shibasaki, Japan Patent 2456 (1958) (April 10).

98 A. R. Taverna, U, S. Patent 2,912,370 (Nov. 10, 1959).

99 A. C. G. Riesser, Franch Patent 1,162,398 (Sept. 11, 1958).
100 J. Levy, U, S. Patent 2,885,330 (May 5, 1959).

101 W, D. Bancroft, Trans. Electrochem. Soc., 6, 27 (1904).

102 W. D. Bancroft, Trans. Electrochem. Soc., 23, 266 (1913).
103 R. Taft and H. E. Messmore, J. Phys. Chem., 35, 2585 (1931),
104 P. K. Frolich, Trans., Electrochem. Soc., LO, 68 (1924).

105 Izlo N.)HOlmeS and W. C. Child, Jo Am, Chemo SOC., Eg’ 20&9
1920).

106 D. N. Gritsan and N. S. Tsvetkov, Zhur, Fiz, Khim., 26,
1110-16 (1352).

107 E. F. Kern, Trans. Electrochem. Soc., 15, Ll (1909).

108 J. A, Hendricks, Trans. Electrochem. Soc., 82, 113 (1942).

109 F. C. Mathers, Trans. Electrochem. Soc., 29, 417 (1916).

110 F. C. Mathers, Proc. Am, Electroplaters’ Soc., 27, 134 (1939).

111 ?, Fz;eya and K. Murata, Trans. Electrochem. Soc., 50, 235
(1926).

112 ?. Fuieya and M. Nagano, Trans. Electrochem, Soc., 52, 249
1927).

ww

Ll




L

113

114
115
116

117

118
119

120

121

122

123

12l

125

127

128
129
130
131

J. Matula and M, Matsumura, Trans. Electrochem. Soc., }é,
213 (1919).

N. Isgarischew, Kolloid Chem. Zeit., 14, 25 (1921).
L. B. Hunt, J. ®hys. Chem., 36, 1006 and 2259 (1932).

A. W. Hotersall and G. E. Gardam, J. Flectrodepositors?
Tech. Soc., 15, 127 (1939).

N. Zentner, A, Grenner, and C. W. Jennings, Plating, 39,
865 (1952).

A, A. Sutyagina, Zavodskaya Lab., 24, 43 (1958).

G. i. Gardam, Proc. Third Intern. Electrodeposition Conf.,

1947, 201,

J. L. Dye and O. J. Klingenmaier, J. Electrochem, Soc., 104,
275 (1957).

N. P. Fedot’ev and Y. M, Pozin, Trudy Leningrad Tekhnol.
Inst. im Lensoveta, Lo, 162 (1950).

<

S. £. Beacom and 3. J. Riley, J. Electrochem, Soc., 106,
309 (1959). -

N. V. Sidgwick, ’’The Chemical Elements and Their Compounds,’’
Vol. I1, pp. 1429, 30, 52, Oxford at the Clarendon Fress (1950).

Samuel von Winbush, %rnest Guswold, and Jacob Kleinberg, J.
Am, Chem., 3oc., 83, 3197 (19%1).

R, H. “anborn and *. k. Crlemann, J. Am, “hem. Soc., 78,
ut52 (1956).

Thomas ). iranklin and Jack coodwyn, . .lectrochem. So0cC.,
106, 269 (1959).

Tt omas Z. Franklin and Charles R. Parsons, J. Electrochem,
Soc., 109, 641 P1962),

Israel Epelboin and M, Froment, Compt. Rend., 239, 1795 (195L).
M. Froment, Corosion et Anti-Corrosion, 6, 412 (1958).
M. Froment, Bull. “oc, Franc electriciens, &. 505 (1958).

Rene Audubert, Rubl, S5ci. Univ., Alger., ~er. B.,, Sci. Phys.,,
1, 5 (1955).

Phoebus M. Christopher and Cecil V., King, J. Electrochem.
Soc., 107, 493 (1960).

b1




133
134

135
136
137

138

139
140

141
142

143

1y
145

146

L7

G. D. Dezider’ev, Ser. Khim., Nauk., No. 3, 59 (1957).

1. G.)Trumpler and Hch. Meyer, Helv, Chim. Acta., 35, 1304
(1952).

I. G. Trumpler and W, Saxer, Helv, Chim. Acta, 36, 1630 (1953).
I. G, Trumpler and W. Saxer, Helv., Chim. Acta, 39, 1733 (1956).

A, V, Pomosov and L. l. Gurevich, Thur, Priklad, Khim., 29,
1372 (1956).

Chih-Ping Chang, V. 1. Kravtsov and Ya. V. Durdin, Thur, Fiz.
Khim,, 2&, 20h1 (1960),

V. I. Kravtsov, Thur. Fiz. Khim., 31, 2627 (1957).

?. é.)?alicheva, R. D. Tryfonova, Thur. Fix. Khim., 35, 350
1G61).

R. Piontelll and Serravalle, Z. Electrochem., 62, 759 (1958).

A. L. Shults and G, A, Tryganov, Doklady, Akad. Nauk. Uzbek
ScSoRo, No. 9, 33 (195’-}).

R, Landsberg and M. Hollnagel, Z. Electrochem., 60, 1098
(1956).

R. Landsberg and G. Just, Z. Physik, Chem., 211, 294 (1959).

R. Landsberg. Wiss. Z. Tech, Hochsch. Chem, Leuna - Merseberg,
1, No. 3, 205 (1958-1959).

H. B, Bomberger, F. H. Beck, and Mars G. Fontana, J. Electro-
chem, Soc., 102, 53 (1955).

M. A, Klockho and 2, S, Medvedeva, dzvest, Sektora Fiz,.-
Khim, Anal., gé, 82 (1955).

Lz

i -+



e

oty

=~037102 VIISY ul
D X3 [BAY

‘1 38

‘urpresy o g
s2xa], *od8n
*£31819ATU) JOTABY
SgfL-(L59)

€€ Ir 303a3u09

_ GoLCEL Iy
€L 393(ox1y Oudy

_ S9ATITPDY

S%\

PRI

wnTwpes
uovirsodapoa3dsts
QOTINTOEE TP 303TH

-4

eaT3ue30d 2TPOUB ILJ JO UWOTIBD

-31dde «y3 £q DOIVISTIDB €3IM UOTIVEAX SYYL
SYO 135931 UOTIOIIOD JIPIO 3€ITJ @ Uy [ W
Y3 UO P30T SATIIPP® BUTZTPTXO UY SUOTICD
-Uo9 SUDS ISpUN 33YJF PI4IOTVUT APniS UOTINTOS
\..nado.n”..ooao YL *IATTUIS auam AOUSTOTIZe
AUOIIND UO S§3007F3 JATITPDY Y} suorIInNyos
POIITISUN DUR DOLITIS UT DUP SSOTIISUSD jual
=3IND WOIBFTID *ST8}5W 353Q JUBAALFID *s6MTYy
Satierd juaiezrtp “uisn cuxejjed JxvrnIex e uy
QAT}IPDPE JO UOTIRIFUSOIUOD YITM DITIZA UumTw
~p20 jO uotr3rsodfsn ayy J0p Ad>uULINTI}A UL
«INd 8Y3 3HY] DUNOI SEm 3T °53U WATITIqQUR ual
-0IpAY DUB ‘DOATOA® USTOIDAY IO 3USULANSHOW

Jtxjeumytosoo T ‘A1jomumq oA 217040 *sosnd
FUBLIND JUBFSUND DIPNIOUT SINDTUYDS} 983y,
*s nbTuyss3 Jo Apnis B8 03 peyTwIy ATrasuw
-1xd sem Apnjs u613160daPOIID9Td <YJ *[SNOTU
JO TOTINTOSSTPOIIOITd 2yl UO pUe UMTIWPRD }o
TWOT3TSOdPpOI}0aTd Y3 UO SIATITDPPR JO 309]j)0
943 3O opeu sem uor;3Irisaaut Arsutmrysad v
310day PaTIISs3IToU)
*syea LML *s91q@93 *esniitT
TPUY *d7G *£o I8l ‘jxodad (eUTd °*STISH 40
NOTINTOSSIUOMLOTTE AY NOLIISOJIAOHIONT NO
SWAILIQAY 30 1@ iM PRI °212-L9-udl-asy ap idy
*0TY) *GAY WOSISIIBI-IYTTIw
‘qQeT SO TWRIS) pue €TBISN *S3SEIVOXI Due
ST8TI238|/1Y(] *UOTSTAL] SWEISAS 89 T3N2UOISY

uot3y
=231109 VIS Ui
~ipn 33 TRAY

*T® 30

‘uTpmBIy *) L

_ s3¥3], *od8p
¢A318I0ATU JOTARY

_ SahL~(L59)
€€ I¥ 303a3u09
CoLCEL sy

_ €58 193foxy HugY
S8ATI TPDPY

_ 2T
wnwpe?)

_ uoY3rsodapoaids iy
_ TOTINTOSS TPOX I03TH

R s S ABDBAISE S MR R FARA AR TS Lt S

srY3Ua30d 21I0UR ALY TO WOTIID

=11dde 43 £q POIIS[EDIT €2M UOTIIAX TIY
*UOTYOVII UOTFOXIOD JIPIO 38iTF ¥ UT (U w
Y3 U0 PIIOB SATITPPY BuTZTPIXO UY SUOTIID
~UOD QUDE JIIPUN 33Y3 PI4IDTVUT AP ;S UWOTN[OS
.\nnncoa 10919 UL *IITTUITS aan AOUSTITIIS

POXITISUN DU DPOIXTS UT VT *EOTIISUSD JuAX
=IND JUSIATTTID STV} M IS JUMIIFL2 *sarTy
Furyarrd JU~I03ITP usq cuxeyjed x3ndax v uy
PATIIPPE JO UOTIZXJLOIUOS YITM DITIZA UMW
«p33 JO UOTITSOID B8Y3 JO0F AIULIITII= JuUaX
~INd SU} 37UL DUNDT SUA 3T °LU WAT3TIqQUR wad
-0IpAY DUT *DIATOA® WO O IIAY TO JUIIBINSIOW

91X30WNTOAOIO T * Axiauamei{oa 2TI12/0 ¢sosTnd
FUBAIND JUBISUDY DAPNOIUT SINDIWYDISY asayy,
*s nbruy223 30 APnis 8 03 peTWIT ATLIew
~txd swm Apn3s WOT3760daPOXOOTa - YL * (WO TU
JO UOTINTOSSTPOIIIIT3 a4} U0 D'IE UMTWPId O
uo 13 150d900I9499T9 - Yy UO SIATLIDPS O 103]39
9Y3 JO apew sBm U0ty 11isaAur Arzutwytaxd vy
310d3y ParTIISsITIUn
*sy81 LN *S551q93 *°SnTLT
Touy *d1¢ *£o I8y ‘3rodax [eUly °STYIAH IO
MOTINTOSSTIION.ORTT 4T NILLISOIRAOHLORTI NO
SEATLIOAY 45 IR 17X FHL *2T2-L9-ual-asy an ady
*oTYn *EIY UOSIe3IBI-IYTTIs
‘QRT SO WMIS) puzd ST *SOSEIOXI puv
SY81I338/1TQ *UOTSTAL] SU0 84S 189 13 NBUOISY

LV
URIIND UO $3097§2 IAYITIPDE Y3 suorjntos —
_
_

—

e LR T P P



